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Abstract of JP2002104289 

PROBLEM TO BE SOLVED: To provide an 
improved structural assembly and a method to 
improve strength, toughness and fatigue 
resistance of a structural member In a region 
having high operating stress. SOLUTION: At 
least one of plural structural members specifies a 
first region having a comparatively high operating 
stress as a feature and a second region having a 
locally refined crystal grain stmcture, and the 
second region is positioned so as to partially 
include the first region in order to heighten the 
strength, toughness and fatigue resistance of the 
structural member in the first region. The region 
of a structural member having comparatively high 
operating stress is distinguished, and the 
structural member is fixed. The strength, 
toughness, and fatigue resistance of the 
structural member in the region Is improved by 
mixing the region of the structural member having 
the comparatively high operating stress by a 
rolling friction agitation welding probe and by 
locally refining the crystal grain structure of the 
structural member in the region having the high 
operating stress. The structural member is fixed 
to the other structural member in order to form 
the machine casing of an airframe. 
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[0 0 0 5] bfc;4So-C. 3Jtfi$nfc<il3tgiJ«-*5 ilfHi 
[0006] 
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[0008] ^(^185^1*. m(^1fl3teB*t5r^tr«?5tT 

Sit. V <>j^. V -^i^-ai-^^, T/i'?^!? 

5 < i 1 oH:, H:«6«>iliv >!l(ifp)«::^ t 

^^:$^^fcigfBife«it5r*•f-^.^2(^M^|Ei:S:«£L, ^ 
2 1 <7?^J^ Sr'>* < t i>U^\^^ 

[0 0 0 9] n2(r>w$.\t. mt.^^\^Wim-ti^^n 

5<lt«<0®«frS-:5v ^xm^-ti r t f)^X^ i>, itt^t 

20 < 1 1 1 o(^ffi5ggB*tli, m 2 o^^rt (C'>)^j: 

=^y'(0'pf£< th-ui^^-ti, %'i(ommmx'\i. m 
jgT-fe y I ^^nm^i^ u mmm 2 nmmi 
m^i^mu(o b < i 1 1 ^(O'j^fn < t t-SiJ* 

30 < i: 1 1 rxnmm^m^. 'mii\t^i\,tzmm.m&^^ 

\imiXhi. $P)lcgiJ©^M-Ctt. 10 

u<ow$.t. 'm\:^i^tzMm.mm^^-ri>^2(Dm 

*^olJI^5ptTT-fe5o m 2 ro|a«M«El4P^ mSrfclt bit 

;l^o(itfipfff fo!?, f^l<DU<r)^'i$.\t'^2<Dm<DW$. 

40 [ 0 0 1 0 J z.<r>^m±.. »)f^^£::^*5iBsv^®«^c*;v^T 
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10 0 1 1 1 ^^^^\>^mmt)^t-rmimu<^m 

[00121 Z.<r>3:^\::. z<o^mit. 5!t6$ttfcfl|Jt 

[0 013] Z(DWM(r>tiiT!t<oifoXxmomM.isXXf'^ 
[0 0 141 

(0 0 1 51 ElE. mz. El5r#Bai-5t, ro^?^ 

1014, «i$comi^^^^tr$*^4'tffijt(0«?^lcfflv^ 
5Ci:A5-c#5o IfiiT-t^'T'y 1 014, irtlc^^ 
iX'5*^*fc»4»ii'iH^;«rl 2 5rfflV>X@3tS4x5«^ 
(^ffijtSBttl l*»?>f^bix5, 01lCS%$*T,fc«igr-t 
i^y^yiOll. 2o<0 I^iJi^l 4*5J:Vl-oospffiS5 



fflV^-5Ct*5-C-t?)A^ ItitaJtf 1 1I4»4L<I4. 

atti 114. ifiJiT-fei'z/y 1 o«^ffaos#*jJ:tm 

^r*'fc«fig»c:ifji*fcf4«l«anixl-5 ^ h f^nt 

[00 161 ±;^<oj;9lr, fmnm^. mmT±:^-f 
y 1 0t4^i^fij3J;u;jl^6<JitSSr§lt5<oJcJD^, $ 

20 ;^/5:'b;t^i-'bco-c-fe5. -^lc«JtgBttl l^^iOS 

®l^;J5tfcg{6t)J; t) iliVN:*ct $ oitii^j^;;^}=^Stt ^ i i: 
janiWt?*)*, ftt^ti. 04A*Jj;U!E4BS:#Rg1- 

^l^^ffi^fi52 5 a. 25bt, «gi5SrftSmi-S 

^24 W«gi50-^r 2 5 a J4, mM^iXtc^mmmW- 2 

9l;:@;tSix5;4^ <lfc*riS8a52 5 btt, El4Afc^$Ji. 
fcJ:5*> i^ai^a 7<oJFffitfiii:<D;^i6ii 3 a, 13 
b<0!Sf#itSl 3 4fcl4, E4Blcn^$ix)tJ;5'5:^# 

30 sif #s 1 3 c if oji^wssrsit 5, mm^&\±. 

^?3i7'2 77>5SgS2 5a, 2 5 b tftHSj^fS i 

gi52 5 a, 2 5 bloJ:V^7xy2 7(0-fe/y Vh5rt>fc 

■f) -Cf4. I^:<>tgli4;tbix5#mi4. 8!ii^{£;;(3*5it 
40 «6«)iliV^®«i45^>a:7'2 7<og^ttcjBo-Cfi[tt$tt5J: 

[0 0 171 laifc^snfcipl::. «|jtr-fe:^yy i 

0 <0'>7i < 1 1, 1 oofliiigwt 1 1 14, mEm\mmt 

^ixtcm^mim^^-f-^ i fci4^rtiEJL±(^^jgc i 

»w«»iBB<b$nyi:®«i6rtofeSiiawy-'«'xi4. o 

so OOlA^h. 0 00 2^ msti^b 5% if o^') <0 
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Kit. mik^ifiitmmm<ot^&iSL(oi}-y(:<\t. iisb. i 

fi^h. Ql^y=f- a^2. Smmd^b. 2 5mm) <D-k 

[0 0 18] 06{c^§tufcj:5»-, i^^wimt^mm 
wt^^t\zi:^j^^^iii, ws^^nubKYi.. mm. 

114, '^t^<Oi7yv:f (E/T^-frT) SrfflV^T. « 

*tl lO^I-^ffil 9SrjitT, =f^WR^iXtzM^-^X 
lHl«5)^«#^7'D-yi 8iJS#ASn5, iHie^n 

iSitSPttl lO^^SIriiUTPP 20 

j(fl£L<(4. mern-Tfli, «jtg|5*tl 1 

n-7'«OW2 0TT-<0iS^Sr'fe,fcP>i-. dllBT'a-:;^ 1 
8{4, •7'D-7'Wtt2 3tWi7'ci-yrotaC#SS5> 

?'j;^?^l-oV^TJ4 =?;^te (Thomas et al.) <0)|^B 
#fF^5, 4 6 0, 3 1 7 -i-iSr^ra U •?:ro-t-'<TcOrt 30 

[00191 El^y n -7' 1 8 /JilSjigUtt- 1 1 A$ 

T?I4. EllfC*$nfcI^^<^l 4<0!?cii7'l 7ioJ:U' 
El2A-@2D^C^$i^fc^lJtg^Wl 10*ffi*ifW, 40 

i?iitwi i<7?j?J9-<75r<-gC/jsss?6<)»w)g-g-$nT, 

t x.f4, 1 >'^WJ?^Sr^ri-5«l3ig|5«-Sr§i5^^»t 
)iJ^ig^-t--5Jci4, lHl«B7'n-7'&, «ji$iJ»W^«ffi 

1 9 srii \.xm. 2 5 -Y v^(Da§$ *-e#A-r 5 ^Lht^ 

®Jgcl 6l4^S/^#J4^(7>Jg^ioJ;U«»S:laiJ:L, ^-^vJc 
JiSWl iw^, ^«iH4J3J:tW««ttSrS«iW»ceSc so 
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1 0 0 2 0 1 SiJ<O|llfe0ljTI4, 0 5 B i 5 

IC, T'u-^^, m^cT'n-ywJfe^l 8 a/451f3ta5# 

1 l<ORM<l!ll 9 a*^b8gSldt;ifc5a§$D*-Cif U)i 
4ns, S-&<OMI^, IllKT'n-:^! 814. -fu-zfn 

■!^-rxJ3J:o!7'^-7'Kawa?s^r^ft#bT. *bi o o 

OA^blO. O0OJj<>'K4fd4^:^tetJi<7);'3!Sr«3ill5 
«-l Ur»tT4-^, ;5^o, +5>/i«ISflftSr4fiXLT, 

0 0* F*»P), «|jtgB«-SrJg^i-5-&^<0B^eijaro*,j: 

5 ^TWiaa<0M»c±#$-fr5„ m^T'u-T'l 8*54 
fi&Ufc*^1l!ll4, ^jt^ttlC^LTT-n-yjiS^x?);^ 
ttfel::. y^n-y(05fe4Sl 8ai:«3i$|S*t(Og^{B!ll 

9 a «iiimto*s-&iaj5>2 1 \zn\.x9m 

y/45S«ft!ll 9 a Sr^tfett5wi:?i<, *il-g-a5:5>(D 
»4, ^n~^<r>9t^l 8 a i:«jggl5«-<7?SM{M 1 9 a i: 
^«B{b-f-5tri4, yn-:/! 814, -fn-^n^mm 

b tm^xi%xm&mi<r>^Km u>i**t5, 

[00211 rro|l5^O»JO||li0IM5ix S5A*5 

;45®-&$ix, igS«c«3t7i5^Ff6«jf-^«B<l:$*ifc^tSi 

6 r t ;J5-et <5 (*MiSi»'<^T-l4 f^^^lt 
ii^^fS'&J . ^±^«tiii?^S-&l4. iU?). 2 

•r5«litg|5«-l lS:^^^(tiii9-®-&-f5tc|4, dieT' 
n 1 8 -^;J5«3iSiitt(OS*t«!l 1 9 a 

t^&(t5 i b \t)imW^<r>^im 1 9 rof frjf AUA^ 

fBiK«jt-45^M«il-miSB^bSnfcS« 1 6 ^mmM<n> 

tlCj^fiKLfc^, «Jta5*i-(DW{l!)l 9,19a 

[00221 igfB«:«ljt!JS^^t-«iWk$ttfc«BSv> 
®J^i 6=Sr?i^fiK1-5tt, «Ttc!SC?5n5J;5»^, #?. 
itSWSraST'a-yi 8W^i!)(^3igl41S3tmti 1 

im^-fu~-f<oim<o^\!tw^<owh\z.\m\^. 1 

^a!?if!5)5-fi^f^*^b3 0W'V^ro©H-C-ib5. i^^Il. 

v>-C»4, 1SjtSi5*f(0^^^ltji*S^f4»SU<»4, W 
fiS 1 9 , 19a ;J»b«|jtSWS:ai»Sltii*S-&t-5 ^ 
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j::. Ji^l. S'T^^it) t:*:#/j:;f^S:^•t51S)taJ*^ 
li. ^jfWi ico^l<D^{Mi 9<^f ir*5<tt/^:H^ 

^l(OM)gc3 6Sr?l^/*1-5Ci:;»5-e#5, 
c-y 1 8 li. ^1 o^^6f)trmiNBjk$ixfcM« 3 6 t 
«jggBtt- 1 1 <ORMm 1 9 a <D«f IdJoiOS-tix 

5, 1 0(;3^SS«^-CI4, SIS ^ 14. If jt^W(?3^ KO^I- 
1 9 O^n $ a SrM Cfc«3tSi5W 1 1 « 

1 9 cOT-n-^cO^A^^S a ?^«^Cfc1ijt^« 1 1 

^iltzm 2 3 6 a tt. ifeffiiK«jti45«m6<)l^'<»^ 

jbSnfcH 1 3 6 < t ■baJ^^tel'S'i 9 
5. 

1 6 5:tfcb1-CtdST-t-5, loroHtfe^tJtct^ p i: . 

2 6 Sr. mm^i^mw^myo~y i s ^ffivxT« 

(00241 WSj&<ox 0 8 J; 
^SfBiK«Jgii5^^^-'«»^^:$^^fcM^llcl 6i4. 

fc*. «tt3 3»4^@Tet)lc«&»^b§nfc®ls)c=S:3?llbfc 
5 4fcl4«l«Jofc*)-fr-f. tfU5^«(^AIt«o-ce« 
1-5cD;J5-jse«)-ei55„ 1 0(0^«?ij-Ci4. 07Btc:^^ 
Sttfcipt-. fll5tgi5*tl l(O^B#jfitrtt3Sy^2 6 

^tvfc®^* fcl4St Ciift 3 2 Sr^fS r t -45 
*5PJI::»4. ^g-f^ y ^2 614. m^Pi<Dm. 
0Dl::Jl^fig$Hfc^/h»lix3 3oeSSr. JSfSi-^itCii 

^1-5. 5^:^^*fc»4^ix*«roJ?^S:5&1-5« 
iggB^l llcoV^•CI4. $ftL<l4. »Cii*/-i^3 

2 Sr^^i-^ffi^ y 7' 2 6 l4^^^(tiZ^J^^S-&-CJi^fife$ 

itg{tf)ffv^«3gaW»-oV^-CI4. »Cii*i/-v 

3 2 S:«:ti-5«SJ!> :/2 6l4SiJ5>Sttii^^«i^-ejgfife 
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2 l4«Jg«?HlfifeS:3t L*»o*iai y:/26-eB3te>tv5A^ 
*yi:l4^lc^#Srf+ltt,n5*5. r<^|gMt«5*tC 
iift/-i^l4*fe. '>/i< i:t^:$^«)^cMV^TV^5;>^t 
fcl4^j^^#ttbitT*J?>-f. l:i®i:ftiili<OP)fi|fig|r 

^>3 9«r*UT?^^§n. Ch-14. ■gjfH-SSlinSr-en 

10 0 2 51 ;i05IM«)grj<0||JStflJI-S& 9 t . 0 9 A*5 
J;t;09Birs^§tifci5l-. lt|!?6t)fSv ^ft^it.;:'] SrS 

»4, ^mmm^m<m-cmm^Mts.fi^^m e 

E*^4 6SrS^^i-5Ci:;45-e#5o 09C*5J:t;09D 
tc:^t§nfcJ;5lw. ISitSBWi i l4Ww^iMADX$ttT 

20 ffijigUttl l;45|ll9CIC^$nfc'b<0;St*OJtt556?)iSiVv 
Ki<^J^?;(3Sr§«t^. 7 7 >'v?*fcl4m<r>?:|jB 3 4 S:^tp» 

K«?i?ttSr*1-S^ie 3 4 Sriatt 5 c: t ;!i5-et 5o 
1 0 0 2 6 1 S'J(0^Jg«?!|t?l4. «jtgp*t 1 1 <r>^«M 1 
914. /s/^. T^-?-f^^*fcl4teoS3D>Fiii^ 

3 5Srj^-f-5*s. ;i*T.»4(£;:^jSr*4'UT^igg58iJlJ:fi 

14. 09Clr^§nfcJ;5lr. lf4. ?;ijg3 

8Sr^tfrt*5T't5, 01 0»c^$nfcJ;5t-. «Ji 

1 0 Sr?^fi£-t-5<'3Sr^aic:1-5*aC(^MP 3 7 ?£r^tfr 
tiJT'tS, *fcl4. 01 Kc^^Snfcipl-. fllitSP 
*tl4. ^ffifi&ro^^fcl4MD4 0S:)i£-t-5T/-?-'5^-v 
Sr^tf t *5-et 5, iaU#HD 3 7 ^fc»4(tferojj:;^»± 

#^iSi^gB 3 5 ^mm^-r^tz.\mm-^<r>\^%tL%. 
'pfi < t hwm\z7mm^^.^tirm'mm 1 1 <o 

40 iKfl|ji!JJ^fllf«)l-?»)NiKk 1 6 c t 

?!i5-Ct 5o ia CftM P 3 7 ^ fc»4te<??^iSiKSl5 3 5 14)5c 

ft. ?Fiii^^3 5»4. *SSie«jt;55^m6?H-«S«t:$*T' 

fc^« 1 6 < i: tas^e^ncifti^sns, 0 1 0 
w$. 1 6 14»* u < 14. fi zim p s:^^ ltj^o® a;^ 

A»o. iai:ftMPW»ilii:S;i»P>PPi:S<D2{S(0$Sll 

•f-5. S-&®«1 6<0JiSft?,*tfc*t|sM#tt»4. ^iliKaJ 
50 3 5<r>-t<'&mX<omsa l,fcfWi&*S:« 7, 
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[00271 1 0(D|llS«»J-(?tt, ta C#MP 3 7 li. ^ 

mm 5 'k^tt^mmm 1 1 os^sriiitEi^isisi 

W^m-y n 1 8 UT. ISfBlti[jt/J5^^l:: 
l^m\:^htzm.i$. 1 6 -kmm-^ r t ir i •? 

DUJSrff*U<W:Wi-5lHlte7'n-yi 814, *aC.#M 
-t?"! 8*5-fi5fa<OiiFfi3J:t;5ai$|-A5fc. 7*0- 

WD 3 7 ^mM-ti>, **iH-ttx feCltMa 3 70iaC 

10 0 2 8] giJroSei^J-eii, 0 3 A*3 ilJ^El 3 B 
$ti,fcj;5(::. ^itl^4^^5 70«gi55 5 a. 55b 

ifeSi^it!i5^M«)»-mJNe^b $ itfc«iBft V ^^J^ i 6 14» 

*b<l±a«:!?-g-oT. I^^«7?«gg65 5 a, 55b 
SriioT*^o^/3i:?'5 7(OjtJi£:f 5S8<0'>/i< i: tSl55^ 

igig^lE:J|ic4 6 5rS^-t-5o ^^6^(^*SrBe«5t^5m«li 
$tvfcttftV 1 6 SrJ^fife Ufc^. I 5 7 «m 

«a)nxsix-ci§!pii*«-^5 3S:^Bifet, mm.<o-^^isii 
[002 91 m(o%mmx'\x. m 1 1 tc^snfcj; p 

I4M P 4 0 tt, ft«f^>»-e^o i p Id, gfSoM n 

1 1 4 0 <0ji(DW-fiT-^^^Jtiii9-S'&$tt 

fli snfcfift 9 ®« 1 6 tt, mmM 1 1 ^Tn*»o 
mzm^^ix. mmmt^^<Dmm^\^w^\^xm 
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igT-fe:^:/y *?^iai-4fc«>o««wiaC#Ma 3 7Sr 

!NB^t$nfcigi^Eigc4 6 ^mM-t^, 

ig>i5«)Wk ^nfcMJS t fcttlifcw^J^ 1 6 ^1^^ Lfc 

^, if>mmaii^ic\'Xm\fi^Pt5^i^ 

[00 3 0] Ell 2S:#fi?,-r5t, ^(D%5^<^ 1 o(D^ 
JSWctSp, h/Wi?#fi4 2SrSlt^., t^^<^)»3t«|3i 
10 I5*tl l!J5*Sn5. h/i'^WM«>lfe*> «jiSi5ttl 1 

*S^aJ^4 3^4ifcg5«)f'J^^^v^;i^ ^MWlcmaflili 
$ixfc^t|t 1 6 \t)lcm)W&Xh *} , Ufc*5oT^tP^c 

J^:t5MJ|£-eo«3igi5«-i l<^as. ^?RH4i3it;iS« 

[003 1] »JOSIlfeeiI-^l4, 013 A*i J; VBI 1 3 B 

lc:,T^§nfci5ir, ^§nfc«litgB#l 1(4, SitSB 

«l1ife!iaX$ix5E«Sr'>*< irtSJ^^fi^tc-a^-t-S 
«)igB«-l lwEJ|fe/iS|Hl$G)t^i^«:^n~yi 8-e 

)^«Apxi-5r.t;>s-et5, ^rfi)»ci4, gii3B»c^$ 

(00321 r(0^BJroSiJd^ffieiJl;iS&5 t, filiSSiW 
40 14, KS*fcl4^i»«xm(OV>-fn*»tJ:oTJKfi8§ii 

±(7?^:^f— hSr^trr i;)5t?#2„ fct^ff, El 14 
A-Ei 4Clw^$ixfcJ;ptc, filigSWS 114, 

5 1 a«r^tf. 01 4AS:#lit-5i:, ffl[iiS5tt-5 1 

14, ^^lc$fei:oTl'>f— 
yt(47'u>>«*-e^SJ; 5'^. h 5 1 a <D^ 

»cmt-5^S:*1-4 7 7 -I" ;^J!)DX $nfcfl|* fcl4T 
/<-^^5 0S:^tfCi:;»ST#5, ^V1^-h5 1 af4 
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i 9 W h 5 1 b li. mikU^ 5 1a 

fc t , :^■!^- h liia^-^ 5 2 »r i o T^i5ig|5*t 

yi— h 5 1 a i«)tSlJ$t5 1 t<oM<^ifefiiia© 

5 1 ioXXJ^-i h 5 1 a l±»4 U< 5 
2lr^Lri3J:U«-toSKt»o-Clllte»a«»^S 

Stifc 1 o«fcli'^:i^£A±wa;gv^^« 1 6 ^^.^-f 
5. 

10 0 3 31 gijwujs^j (Es^^H*) \z.^^b. mm 

mis is^t)^m^\^x. ^<^i^*. ^m-cw^\.x\m 

■f-5;!/>^5)^-/i''t>b<l4:/n-*— /K ;^'!r— /W'bb< 
[0 0 3 4] 3rS<oj^!|*i*3J;iJ«$«r^i-5. 

m^yn-T'l 8 0?|$a#l4, Iffjtas^tl 
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[0 0 3 81 jJcl;:«jgg6W41b;!i^/j:v^J;5l;@^^H 
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i-»f®0t?*>*). (c) f4. z.<n%^<r>^h\cm<r>Wlk 
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